Climate change calls for strategic planning that builds resilience in vulnerable areas to manage the associated risks. This paper discusses how adaptive various communities and industries are to climate change in the North West of Victoria (also known as the Victorian wheatbelt), Australia. Indicators of adaptive ability for communities and industries, and the importance of key drivers like government policies, expert advice and empirical evidence of developing this capacity are identified. It also incorporates input from key regional groups as well as current knowledge on adaptability of regional communities to climate change across three major themes: socio-cultural, economic, institutional/infrastructure. Each of these major themes has associated indicators, which in turn have an individual suite of measures, albeit all contributing to the overall adaptive capacity and spatial variability of these capacities. A Geographic Information System is used to collect and analyse the data and spatially represent the indicators and indices. Workshop participants' used their 'expert-judgment' to assess and weight indicators, measures and themes. The stakeholders' participatory assessment, the quantification of diversified data and interests and the importance of multiple policy outcomes make the findings locally relevant. We find that capacity and preparedness to adapt to climate change varies substantially across communities and different parts of the grains industry.
INTRODUCTION
For the last decade, the 'wheatbelt', which produces more than 95 per cent of grains in the Australian State of Victoria, has been undergoing a transformation largely due to prolonged severe drought conditions, social changes and declining terms of trade. This paper looks at how the grains industry and communities in the northwest (NW) of Victoria can better respond to these new challenges as well as the impact of climate change. A previous study, considering the impact of climate change on the Victorian grains industry, found the wheatbelt communities were highly vulnerable to climate change (Sposito et al. 2005b ). To develop a strategic targeted response to climate change we ought to identify the adaptive capacity of communities to climate change and how this varies across the region.
The documented environmental, economic and social impacts of climate change imply some negative implications for Victorian grains production. Potential environmental impacts include an increased average annual temperature of 0.3°C, a reduction of rainfall, frost days, increased evaporation rates, decreased run-off and aggravation of droughts, salinisation, wind and dust storms (due to landscape degradation and land clearing) and increased frequency of extremes climatic events (Penm et al. 2003; Sposito et al. 2005b; Diamond 2005) . From a social perspective, there is an increased incidence of some health issues (e.g. depression, suicides, heat waves and cardiovascular or respiratory illnesses), continuous population decline in marginal rural areas, ageing population and issues around a community's connectivity, resilience and self-worth/esteem (Barr 2005) . Economically, there is continuous loss of farm productivity, change in land suitab-
Figure 1 Grains Industry Stakeholders Interviewed and Engaged in the Climate Change Adaptive Capacity Project
Participating stakeholders were put in three main groups: farmers, industry organisations, and governance or decision-making bodies The paper is structured as follows. First, the study area is briefly presented. Second, the process of selecting relevant themes and their associated indicators is explained. Third, the modelling approach used to determine the adaptive capacity is presented. Finally, the results of the application in the NW of Victoria is presented and discussed.
CLIMATE CHANGE AND THE VICTORIAN WHEATBELT
Located in the North West of Victoria, Australia, the study area covers 43.5 per cent of the State and incorporates three catchment management authorities (CMAs) -Mallee, Wimmera and North Central (Figure 2) , and 19 local government areas (Figure 3) . The total population was approximately 337,000 in 2001 (ABS 2005) , which was around seven per cent of the State's total population. Agriculture production in the Northwest of the State is predominantly wheat and barley. For example, the region produces more than 93 per cent of the State's wheat. Figure 4 (a & b) shows the value of production in Victoria for wheat and barley across the State. Sposito et al. (2005b) found that the grains industry in this region is one of the most vulnerable to climate change in Victoria as a result of prolonged drought and socio-economic decline.
Large scale human impacts on the landscape and environment started with the European settlement in the region around 1850, and were further reinforced by the Government's Soldier Settlement Scheme from 1920 (Diamond 2005) . Native vegetation was cleared for dry-land agriculture and grazing. The low rainfall and persistent drought led to a significant investment by government in large-scale water infrastructure such as reservoirs, open channels and irrigation schemes. The region has experienced prolonged dry seasonal conditions leading to severe water shortages, exacerbated by the loss of up to 85 per cent of water from open channels through evaporation and seepage (GWMW 2005) . Some of these stresses such as drought and land cover and use changes have led to acute manifestation of climate-related change.
As a consequence, the Victorian wheatbelt is under multiple stresses including prolonged dry seasonal conditions, remoteness, declining rural populations, decreasing terms of trade, a reduction of social services provision and an ageing population (Curtis and Byron 2002; Barr 2005; Penm et al. 2003) .
Figure 4a Value of Barley Production in Victoria
The agriculture production and value in the northwest of Victoria is predominantly wheat and barley.
Figure 4b Value of Wheat Production in Victoria
DEVELOPING THE ADAPTIVE CAPACITY INDEX
This section discusses suitable indicators for adaptive capacity in the Victorian wheatbelt. The selection of themes and indicators are drawn from the review of literature on climate change and adaptation (Sposito et al. 2005a) , expert advice and stakeholders' input. This section discusses the process of selecting the indicators and themes, along with the underlying assumptions.
SELECTING INDICATORS AND THEMES
This research is based on the underlying assumption that indicators can be related to each other across a range of spatial and temporal scales. Indicators are conceived and selected with the understanding of the way in which they directly or indirectly relate to each other (facilitating, strengthening, hindering, etc.) . The extent to which a single measure (e.g. education) could affect another (dependent or independent) measurement is extracted and accounted for through stakeholder assessment and the generic framework. It is, therefore, critical that all the indicators form an integrated and systematic part of the adaptive capacity of the industry as shown in Figure  5 .
Figure 5 Components of the Adaptive Capacity Framework
The adaptive capacity is first the response to the region's changing suitability for grains production. The communities and industries adaptation to the changing suitability is then a function of three major themes: socio-cultural, economic and institutional/infrastructure. Each theme has a suite of indicators, which all contribute to the overall adaptability. All the themes, indicators and measures are informed by the climatic and biophysical conditions such as soils, climate and CO2, landscape and rainfall.
It is worth noting that the adaptive capacity index is constructed from a multi-dimensional perspective that considers policy outcomes, structural adaptation, local context and stakeholder priorities. In so doing, the index recognises that adaptive capacity is a function of three broad themes crucial to a strong and prosperous grains industry and associated regional communities: socio-cultural, economic, institutional/infrastructure. These three themes are dependent upon the biophysical conditions for grains suitability. In the context of climate change and risk management strategies, each theme has a range of indicators and measures that highlight their relationship with the adaptive capacity of the grain industry (Innes 1994) . All of these themes were later confirmed during stakeholder consultation. This adaptive capacity index approach also draws from the European application of Metzger (2005) , which is spatially explicit and quantified.
Our approach was informed by input from stakeholder consultation, as well as by expert advice and current scientific knowledge on climate change in the region (Sposito et al. 2005a) .
Our research recognises that not only climate change as a global issue with important longterm considerations (e.g. mitigation strategies) and local adaptation options, but also acknowledges the influence of data availability, reliability and suitability to assess the adaptive capacity. Surrogates and proxies were used where key variables could not be fully or directly accounted for, due to data constraints (e.g. level of awareness of climate change) or measurement issues (e.g. leadership). A proxy indicator is an appropriate indicator that is used to represent a less easily measurable one. To further address such difficulties, this project draws on historical trends, reviews research and case studies, and engages stakeholders in the region to screen sets of relevant indicators. The final indicators were selected based on criteria such as efficiency, reliability and availability.
The selection process employed four main criteria: scope, relevance, availability and interest (Innes 1994) . The set of indicators were first scoped to ensure there were no key ones missing and that they were sensitive and 'fitted' stakeholder perceptions, community concerns and scientific investigations. Indicators were then assessed to determine how they relate to the adaptive capacity of the grains industry and their sensitivity against the expected adaptive capacity outcomes. The broad suite of indicators were familiar to stakeholders and policy makers, so the results provide a platform to advocate further change in policy orientation and community actions (Tompkins and Adger 2005) . Finally, the availability of indicators to be used was assessed.
A suitable set of measures was then identified to evaluate each indicator. The following questions guided the potential measures of each indicator:
• Is there any relation (positive or negative) between the measure and the adaptive capacity to climate change?
• Is the measure the most relevant and pertinent in representing the indicator under consideration?
• Why is this measure particularly important for the sustainable progress of the region?
• What are the key facets of progress in the measure that any headline indicator/measure should seek to express?'
The final indicators were then sorted into three major themes: economic, socio-cultural, and institutional/infrastructure. Figure 6 shows the overall adaptive capacity framework applied in this research.
INDICATORS AND ASSUMPTIONS
Indicators were selected based on a suite of assumptions, particularly their influence on adaptive capacity and stakeholder inputs. The adaptive capacity is informed by the wheat and barley suitability models based on three major indicators: soil, climate and topography (Agriculture Victoria Services 2002). Whereas the assumptions for the biophysical suitability for wheat and barley resulted from expert judgement (i.e. selected wheat and barley experts and scientists), the adaptive capacity assumptions and indicators were based on stakeholders input. The assumptions are presented below within three key themes.
SOCIO-CULTURAL ASSUMPTIONS AND INDICATORS
The ability of social systems to adapt depends on social capital, population sustainability, family status, educated and knowledgeable inhabitants (Curtis and Byron 2002; Adger 2003; DVC 2005; Ford et al. 2006) . A population decline in a region has negative impacts on its social services, social capital and networks (Allen et al. 2001; Barr 2005) . Based on our research and participants input, a region with high social adaptive capacity was assumed to have:
• a thriving population that attracts new residents and increases its population densities; • a supportive family setting with fewer lonely households and a 'sustainable' number of people per household (>2.5);
• a decline in the average age of the population (farmers) with lower dependency ratio;
• an educated and knowledgeable population, especially with a higher graduate ratio and management skills;
• strong social capital, with high levels of community participation, safety, mutual help, networks, leadership, volunteering and a sense of security;
• a greater level of understanding of climate change-related threats; and • a good standard of human wellbeing (e.g. low youth suicide and singles ratio).
ECONOMIC ASSUMPTIONS INDICATORS
Economic conditions are important to build the resilience of communities and industries to climate change (Barr 2005; Howden and Crimp 2005; Ludwid and Asseng 2005) . Participants in the project identified the economic impacts as 'less money in the pocket', declining terms of trade and reduced employment opportunities. The participants at the workshops highlighted economic pointers to developing adaptive capacity. For the selection of indicators, it was assumed that an adaptable economy will demonstrate high:
• personal wealth to 'ride out' bad years with poor returns. Also, the population in the region should earn a wage/income to ensure that standards of living can be maintained;
• family income (above $A50,000 per annum) and a diversity of income sources including offfarm income. Off-farm income is the sum of earnings outside the farm products and therefore includes wages off-farm, other business income, investment and social welfare (Martin et al. 2005 );
• industry growth (a long-term economic perspective) and a willingness to invest in the future of the industry. Also there should be a greater farm value (farm worth) and continuous increase in agricultural operations, whilst securing higher returns;
• market performance and stable returns to ensure a reasonable level of certainty for producers; and • regional wealth to support and attract investment and a skilled workforce through council revenue, higher farm entry and increased cooperative farming.
INSTITUTIONS/INFRASTRUCTURE ASSUMPTIONS AND INDICATORS
Institutions and infrastructure are important in estimating the communities' resilience or vulnerability to climate change (Agrawal 2002) . For instance, a Norwegian study showed the presence of an environmental officer in local government as an indicator of a community's ability to address environmental issues (Naess et al. 2006) . For this research indicators were identified through participants' input during interviews and stakeholder workshops. Therefore, the institutional/infrastructure capacity of a location to adapt to climate change was considered to be based on having:
• a strategic location that will secure sufficient and available water supply and efficient management (e.g. water pipeline);
• reasonable access to communication and information infrastructure and institutions for learning exchange (e.g. internet);
• secure access to transport facilities and infrastructure (e.g. adequate road and railway systems for the transport of goods and services);
• access to a range of innovative technological options (e.g. new cultivars); • access to and availability of support services (e.g. health infrastructure, institutions; environmental officers); and
• an appropriate environment for leadership development and participation (e.g. landcare group participation and residents sitting on committees/boards).
Research shows that the number of final indicators used to develop indices of adaptive capacity varies widely across case studies. For example, a vulnerability index developed for broadacre agriculture in Australia used 12 indicators grouped within five major themes (Nelson et al. 2005) : human (education, management capacity), social (partnership in the business, internet usage, landcare membership), natural (land degradation index, Pasture Growth Index), physical (diversity of income, area operated) and financial (average income, income risk, off-farm income). In another case, Bhadwal et al. (2003) used 11 indicators to develop an adaptive and vulnerability index in rural India, while Brooks et al. (2005) used up to 45 indicators to compare countries' adaptive and vulnerability indices across Europe. In all these cases, the research objectives, experts' advice, and participating stakeholders' inputs guided indicator selection. A common feature of the case studies is the allocation of equal weights to the indicators and themes. This study however, argues that not all indicators equally contribute to the assessment of adaptive capacity. As will be shown in more detail below, stakeholders were involved in both selection and weighting of indicators and themes.
METHODOLOGY
A range of methods could be used to develop climate change adaptive capacity indices. The objectives of the research often decide which methods to use. For instance, when the importance to explore, compare and statistically explain the consistency and variation amongst indicator sets was paramount, some climate change studies used factor analysis techniques (O'Connor et al. 1999; Lazo et al. 2000) . The bayesian probability could be used to explore belief thinking on climate change (Karl et al. 1996) and could be a useful tool for analysing uncertainties (Hobbs 1997) . Analytic Hierarchy Process, a multi-criteria evaluation method (Saaty and Vargas 2001) , and Bayesian probability could both be used to weight community's preferences. However in this research we have used a communities' self-assessment approach for defining their capacity to adapt to climate change. This approach uses a combination of stakeholder engagement and GIS techniques to develop an adaptive capacity index to climate change. Further study may be required to explore and explain the consistency and variation amongst ACI indicator sets as well as examine the relationship between groups involved in the project. Sections below explain the adaptive capacity index and how stakeholders were engaged.
ADAPTIVE CAPACITY INDEX
The development of the following adaptive capacity index (ACI) used criteria weighting. For this particular application, the overall adaptive capacity index (ACI) is expressed in equation 1:
where ACI is the overall Adaptive Capacity Index (scale of 0-10); S is the socio-cultural score, S w is the socio-cultural weighting, E is the economic score, E w is the economic weighting, In is the institution/infrastructure score, In w is the institution/infrastructure weighting Stakeholders defined the weighting for each theme. The adaptive capacity index was also calculated for each of the three themes. For example, the socio-cultural adaptive capacity was obtained as in equation 2:
where Ind is the weighting of all n measures for an indicator.
Again, stakeholders defined the weighting for each indicator. Each indicator could have one or more measures. Equation 3 was used to derive the weighting for each indicator:
where M is the weighting for a measure of an indicator; all measures on an indicator are equal.
VALUING STAKEHOLDER INPUTS
Studies show that stakeholder participation has the advantage of nurturing consensus, transparency and dialogue between scientists and stakeholders (Kundzewicz et al. 2002; Alberini et al. 2006) , and informing grassroots perception and actions in adaptation strategies (The Economist 2003) . This is important given previous studies have shown that adaptation responses are often taken at the local level (Welp et al. 2006) . Inputs into this research utilised three stages of stakeholder engagement: a series of interviews, followed by two workshops. In particular, 25 key individuals and institutions, selected on the basis of their stake in the grains industries in the region, were interviewed. Participants fell within three broad categories: governance, grain industry and farmer groups. The distribution of participating stakeholders is shown on Figure 1 . Their responses then helped identify possible indicators relevant to the region and the grains industry. The interview process revealed through stakeholders' accounts, their attitude, perception and understanding of climate-related issues, impacts, networks and leadership.
In the second stage, participants were shown models of climate change impacts on wheat and barley suitability. Based on changes in crop suitability, participants were first asked to identify the potential impacts of climate change at two levels: farm gate and flow-on effects for the community. Participants identified possible adaptation strategies and actions. The results of the first workshop were then incorporated into the selection process of possible indicators and measures. These indicators and measures were then used to map an adaptive capacity index for the region.
The second workshop aimed at validating the adaptive capacity index approach and the preselected indicators. To achieve this aim, a sample output of the adaptive capacity index was presented along with the process of indicator selection and weighting. Participants were then given a list of possible indicators for each theme (socio-cultural, economic, and institutional/infrastructure). The following five steps were executed:
• Participants were asked to respond to the assumptions for each theme and indicator in relation to adaptation of the region and industry to climate change.
• Agreement was sought on the choice of the indicator, which implied that, some new indicators and measures were added, some were removed and others were reorganised or moved to other themes. For instance, participants added the following indicators: research and development, health services, energy, and community services. Some indicators or measures were reassigned in other categories. For instance, leadership was moved from management practices to social capital; an age indicator was merged with demography, technology access was merged with communication (to become communication and IT).
• Participants were then asked to weight on a scale of 0 to 100 indicators within each of the three themes.
• Scores from all participants were recorded on a spreadsheet and averaged.
• The same procedure was followed to derive the score for each theme, which was then used to create the ACI (Table 1) and map the spatial variation of adaptive capacity in the region.
It is worth noting that despite differences of opinion as to the importance of the themes and indicators, some general trends were observed. In the case of the themes, for example, (Figure  7 ) participants consistently rated socio-cultural and economic factors as more important than those considered in the institutional/infrastructure theme.
If considerable differences appeared in the selection or the scoring of indicators or measures, discussions were held to ensure that a group consensus was met. Therefore, the models presented below reflect stakeholders' contribution to and validation of the indices. The scores obtained were then used to model various adaptive capacity indices using the Model Builder function in ArcView GIS. In particular, the weighted overlay function used stakeholders' scores ( Table 1) . Adaptive capacity indices were derived for socio-cultural (Figure 8a) , economic (Figure 8b ) and institutional/infrastructure (Figure 8c) . The overall adaptive capacity index (Figure 8d ) was obtained using the same approach. The models produced adaptive capacity indices for each of the variables considered. Indices are then used to spatially map the adaptive capacity of the region ranking from lowest to highest.
RESULTS
Figures 9a, 9b, 9c and 9d show some outputs from the adaptive capacity index. The results indicate each area's capacity to adapt to the projected moderate climate change scenario. The overall adaptive capacity score could hide some spatial discrepancies across the region. For example, areas that demonstrate high social adaptation did not necessarily score high on other themes such as economic, institution/infrastructure. Such spatial differentiation has two explanations: the choice of indicators and the weighting. Overall, the wheatbelt region recorded high social capital and resilience scores despite its eroding social services and infrastructure. However, the most important factor that has strengthened and validated the adaptive capacity index is the stakeholder engagement process.
Adaptive capacity indices were calculated for each theme, indicator and measure from which the overall adaptive capacity index was derived.
The results indicate a community's adaptive capacity and preparedness for climate-induced change varies across the region. Furthermore, mapping adaptive indicators helps to highlight communities and industry strengths in coping with changes as well as areas for improvement. Adaptive strategies varied between the stakeholder groups, which included individual farmers, farmer groups, community groups, industry organisations, and governance agencies. During the interviews, we noted that:
• Farmers and Farmer groups were more inclined to adopt sustainable practices, managerial and behavioural changes.
• Community groups focused on resilience factors and networks.
• Grains industry groups focused on the economic returns.
• Governance bodies were concerned with institutions and their supporting infrastructure. 
DISCUSSION
The ability of communities and industries to adapt to climate change varied depending on factors such as access to resources, institutional/infrastructure support, community strength, availability of locally relevant scientific outputs and technology.
SHORT-TERM AND LOCAL ADAPTATION STRATEGIES
Climate-related changes will create opportunities and 'winners', especially for proactive industries, communities and entrepreneurs (O'Brien and Leichenko 2003) . Climate change may also exacerbate the existing vulnerability of some farmers and communities. Small scale grain farms are particularly vulnerable and are likely to be squeezed by the current trends like farm consolidation, declining terms of trade (about 3.1 per cent per year below the 1990s level), high farm exit and lower entry rates (Barr 2005) . Grain growers with limited access to water resources and infrastructure are even more vulnerable given the further reduction of water availability anticipated as a result of climate change and associated impacts on grains quantity, quality and grade . Grain growers in the region are embracing conservation practices such as minimum tillage sowing, windbreaks and soil preservation strategies, to improve their resilience and adaptability. Farmers are also actively involved in various environmental restoration initiatives, such as landcare (e.g. improve landcover and native vegetation), watercare (e.g. water harvesting, improve irrigation management practices, water use efficiency), and field day exhibitions, to promote new practices and exchange ideas (Curtis 2006) .
ENVIRONMENTAL AND INFRASTRUCTURE ADAPTATION: WIMMERA-MALLEE PIPELINE
There are a range of opportunities available to farmers providing that proactive and effective actions are taken early. For instance, water shortages could be reduced by the Wimmera-Mallee pipeline project providing water for economic and recreational activities. Farmers will benefit from high quality and reliable water and options to develop other opportunities like hydroponics and value-added businesses such as packaging and animal breeding (GWMW 2005) . The increased pressure on the scarce water resources in the region suggests, however, that long-term water adaptation strategies should favour improving efficient water management practices which "…may include improved water-shed management, changing crop schedules to use effective rainfall more efficiently, and on-or off-farm water capture, storage and recycling" (Kokic et al. 2005, 168) . It can be anticipated a renewed interest and debate on 'water crisis' such as competition (e.g. urban versus rural/agriculture), allocation, cost, treatment and recycling.
SOCIO-ECONOMIC ADAPTATIONS
Entrepreneurs are exploring niche markets within and outside the agriculture sectors. New activities are important strategies for regional revitalisation, especially for livelihood diversification (including off-farm income), employment and population retention. For example, Luv-a-duck, a business built on duck products established in the 1960s now employs more than 200 people, is one of the important economic activities in the small town of Nhill in the Wimmera. Similarly, there have been some signs of urban rural migration (often referred to as tree change). The impacts (both negative and positive) of new rural migrants (welfare recipients, superannuates or retirees) on the local communities and farming, are yet to be fully understood.
Local adaptation strategies should complement long term mitigation such as further reduction of greenhouse gas emissions via the use of cleaner and renewable energies. Laboratory tests suggest that there is a likelihood of enhanced CO 2 levels, which could increase wheat yields, but will negatively impact on the quality of the grains (Ugalde and Sanjiva 2006) . However, a field study has shown that other climatic stressors (e.g. low rainfall, high temperature, source-sink relationships, pest-crop interactions, and salinity) would gradually offset the potential CO 2 benefits (Amthor 2001; Anwar et al. 2006) . In that context it is important to identify, stimulate and share good practices which can benefit from changing climate. These include efficient water usage through irrigation (e.g. covered irrigation channels), 'glasshouse' agriculture, opportunistic farming (e.g. market-driven cropping) and high value commodities as responses to declining rainfall, provided that the area has a sufficient groundwater table. One of the findings of the Stern (2006) review on the economics of climate change recognises that the benefits of early adapting and mitigation actions outweigh the economic cost of inaction or late responses.
LONG-TERM REGIONAL ADAPTATION STRATEGIES
The successes and failures of ancient civilizations and indigenous land management practices offer many lessons including how to (or how not to, unfortunately) recognise danger and take appropriate proactive measures (Orlove 2005; Diamond 2005; Wright 2004 ). Local and shortterm initiatives and opportunities could enhance climate change adaptability. However, successful adaptation strategies could be limited by a range of internal and external factors (multiple exposures) over which industries, community and individuals have less control (Belliveau et al. 2006; Wilbanks 2005) like globalisation, global market responses, consumer preference, policy changes and financial support. For instance, market responses will gradually influence climate change and adaptation strategies. Financial institutions (e.g. insurance and banks) are already adapting their businesses, especially by accounting for climate change and extreme event-related risks (AGO 2005) . These internal and external factors will contribute to an array of long-term adaptation strategies, which could be facilitated by Government provision of climate change information, services and assistance in developing place-based responses for the more vulnerable communities.
GOVERNMENT SUPPORT
Government could facilitate the longer-term adaptive capacity planning of grain growers via information provision on the likely impacts of climate change. The World Trade Organisation's Doha Development Round negotiations aimed at reducing trade barriers around the world, if successful, could benefit grains growers in the Victorian wheatbelt whose crops are largely exported. Other schemes such as carbon and emission sinking, trading and abatement could become attractive and bring early benefits to institutions and individuals who have taken earlier adaptive actions. Government could choose to intervene to secure effective crop insurances for grain growers, as was the case in Canada (Belliveau et al. 2006) . Local and state governments may be lobbied more frequently for permanent exceptional circumstances-type assistance or funds. The Victorian Government is promoting the preparedness of primary producers to deal with adverse seasonal conditions, which are part of doing business in South East Australia, via improved in-formation on climate change and blue sky research into relevant new technologies (DSE 2005; AGO 2005 ).
TARGETED INFRASTRUCTURE
Investment in targeted infrastructure is another important long-term adaptation strategy. Transport infrastructure will be under increasing pressure to respond to changing activities, landscapes and lifestyle. For instance, Horsham airport may need upgrading to address the issue of remoteness and cost of travel (fuel price) as identified by the stakeholders during the interviews and at the workshops.
Some adaptation strategies could have negative implications on other sectors and increase their vulnerability and risk. For instance, moving wheat production from a less suitable area to a more suitable one could be more costly, particularly in relation to finding adequate infrastructure and services (storage facilities, transport facilities, processing facilities, irrigation schemes and skills). In the meantime, it will be difficult and costly to move established infrastructure where grains are currently produced, especially in a rapid climate change scenario. Additionally, grains growers and industries could be reluctant to invest in long-term localised infrastructure if the climate suitability continues to compromise farm viability.
TECHNOLOGY, RESEARCH AND DEVELOPMENT
A greater emphasis on science and technology was also suggested by the stakeholders. This trust in science and technology was further reflected in the possible adaptive responses to declines in rainfall, yield and productivity. In this context, research will have a pivotal role, particularly in crop breeding. Farmers and industry groups are seeking crop breeding research to continue to develop new varieties and species resistant to drought, dust, wind, salinity, heat, low water-intensive and heat-tolerant. There is a strong interest from growers to seek alternative crops with good market prospects. Under the current gradual decrease in grains suitability, these technologydriven responses could not only be costly, but also bound by productivity threshold which will ultimately compromise their viability.
Technology, research and development could contribute to a range of short-term adaptation strategies to increase the resilience of grains to climate change. One such adaptation strategy includes the development of plant species more suited to changing regional conditions: increasing soil fertility and resistance to pest and diseases, reducing moisture stress and minimising sensitivity to frost, extreme heat, and variation in crop timing. The Grains Research and Development Corporation and the Victorian Department of Primary Industries are examples of agricultural peak bodies currently providing knowledge and expertise in that area. Science may also provide solutions to the eroding terms of trade and climatic constraints. Such innovation could be in the fields of biotechnology, biofuel and nanotechnology. Meanwhile innovative farmers could continue to diversify their crops and income sources, apply selective herbicides for weed and pest control or increase their farm size (DSRD and DNRE 2001; Anwar et al. 2006) . It is predicted that the reduction in wheat yield will lead to more farmers diversifying production and source of income or moving into less risky alternatives . Technology innovations include investment in efficient machinery, improved information and communication strategies, and enhanced farm management practices (e.g. weather forecast, market and consumer preferences and crop timing). Small scale farmers with less disposable incomes often have low technology investment and uptake, and thus are more vulnerable to being squeezed out of business (Anderson 1993) .
CONCLUSIONS
This research has shown the importance of targeting information to specific industries, like the grains industry and local communities in the wheatbelt of north-western Victoria. This acknowledges the important spatial variation in adaptive capacity and the subsequent policy implications.
Three key lessons can be drawn from this study.
1. Firstly, indicators of adaptive capacity and associated indexes should be developed in collaboration with the relevant stakeholder groups. The choice of participant, the level of participation and involvement in the process is important in validating and facilitating the decision-making process and developing a sense of ownership in the output. However, it was noted that participants are generally well aware of climate issues and are willing to take proactive measures, particularly when potential opportunities were highlighted. Further work could explore and explain the consistency and variation amongst ACI indicator sets as well as examine the relationship between groups involved in the project. For example, it could be valuable to explore other methods such as principal components analysis, Analytic Hierarchy Process, bayesian probability and factor analysis to derive weightings and statistical scores. Scores obtained from such methods could then be compared against the scores of stakeholders.
2. The second lesson relates to the way climate change information is presented and communicated. This study shows that climate change issues must be framed within the context of structural and global change, including the wider local and regional implications. Moreover, using GIS to develop and spatially represent the variation proved to be an effective communication tool.
3. Finally, it was observed that stakeholders' inputs were important to identify the areas where they could respond most effectively. In doing so, it was vital to legitimise the insights of stakeholders and experience and validate their outputs. More importantly, it enabled for participants to identify areas where they can best act to improve communities and industry resilience to climate change.
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